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摘 要 
 硅是容量最高的锂离子电池负极材料，理论容量达到 4200 mAh g-1。但在充
放电循环过程中，硅材料发生巨大的体积变化，导致其循环性能差。本论文通过
制备特殊结构的硅/碳 (Si/C) 复合材料和开发新型粘结剂来改善锂离子电池硅
基负极的电化学性能。主要结果如下： 
 一、开发了两种新型的锂离子电池硅基负极粘结剂：(1) 利用海藻酸钠和钙
离子的交联反应，制备出一种高机械性能的海藻酸水凝胶粘结剂，能够在充放电
过程中有效地维持 Si/C 复合电极的结构稳定性，从而显著地提高其循环性能，
经过 120 周充放电循环后，Si/C 复合电极的容量高达 1822 mAh g-1，容量保持率
为 82.3%，然而，以纯海藻酸钠为粘结剂时，Si/C 复合电极表现出较差的循环性
能，经过 120 周充放电循环后容量保持率仅为 32.5%；(2) 首次将瓜尔豆胶应用
为硅基负极粘结剂，瓜尔豆胶具有比海藻酸钠更强健的机械强度和更多的极性羟
基，能够在充放电过程中更有效地维持电极稳定性，同时，瓜儿豆胶能有效地传
输锂离子，降低电极极化，因此，以瓜尔豆胶为粘结剂的纳米硅电极在 2100 mA 
g-1 的电流下充放电循环 100 周后容量高达 2222 mAh g-1，比使用海藻酸钠粘结剂
时提高了 845 mAh g-1，在控制容量为 1000 mAh g-1 时，以瓜尔豆胶为粘结剂的
纳米硅负极能够稳定循环 930 周，比以海藻酸钠为粘结剂时增加了 500 周。 
二、制备出不同结构的 Si/C 复合材料来提高硅基负极的电化学性能：(1) 通
过热解甲烷在纳米硅颗粒表面包覆碳纳米片，进一步增大 Si/C 复合材料的比表
面积，减小电极极化，提高材料的倍率能力，在 1 C 的电流下经过 300 次循环后
制备的 Si/C 复合材料的容量仍高达 1105 mAh g-1，在 5 C 的电流下，该 Si/C 复
合材料仍给出 1157 mAh g-1 的容量，表明通过调控纳米硅颗粒表面的碳包覆层的
形貌可以有效地提高 Si/C 复合材料的电化学性能；(2) 针对纳米材料具有小的振
实密度，导致其体积能量密度低，实用性下降的问题，制备出一种高振实密度的
纳微结构 Si/C 复合材料，其振实密度可达到纳米硅颗粒的 5.3 倍，同时，由于碳
材料可以有效地缓解纳米硅颗粒的体积变化，纳微结构 Si/C 复合材料表现出优
异的循环稳定性，经过 1000 周充放电循环后其容量仍然可以维持在 600 mAh g-1。 
 本文通过制备特殊结构的 Si/C 复合材料和开发新型粘结剂，显著提升了锂离
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子电池硅基负极的电化学性能，对于开发高能量、长寿命锂离子电池具有重要价
值。 
关键词：锂离子电池；粘结剂；硅负极；复合材料 
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Abstract 
 Si anode material of Li- ion battery has the highest theoretical capacity of 4200 
mAh g-1. However, due to the huge volume change during cycling, Si anode material 
suffers from poor cycle performance. The main scope of this dissertation is to 
improve the electrochemical performance of Si-based anodes. We have tried to 
prepare Si/C composites with different structures and apply new binders. 
 Two kinds of new binders were applied to improve the electrochemical 
performance of Si-based anodes. An alginate hydrogel binder has been developed 
through utilizing the cross linking effect between Na alginate and Ca2+ ions. This 
alginate hydrogel binder significantly enhances the mechanical property of Na 
alginate, and remarkably improves the cycle performance of Si/C anode. The 
discharge capacity of the electrode with alginate hydrogel binder could maintain a 
value as high as 1822 mAh g-1 after 120 cycles, i.e. a capacity retention of 82.3%. 
However, the electrode with Na alginate binder shows a poor cycle performance with 
a capacity retention of merely 32.5%. Due to the large amounts of polar hydroxyl 
groups in guar gum molecule and the strong mechanical performance of guar gum, 
which could effectively hold the stable electrode structure during cycling, guar gum 
was applied as the binder for Si anode for the first time. More important, guar gum 
could transfer Li ions similar to PEO solid electrolyte, increasing the reactivity of Si 
anode. Thus, the electrode with guar gum binder shows a high capacity of 2222 mAh 
g-1 after 100 cycles at 2100 mA g-1, which is 845 mAh g-1 higher than that of Na 
alginate binder. When the discharge capacity is limited to 1000 mAh g-1, the electrode 
with guar gum binder can cycle 930 cycles, which is 500 cycles longer than that of Na 
alginate binder. 
Two kinds of Si/C composites were also prepared. Through pyrolysis of methane, 
a Si/C composite with carbon nanosheet coating was synthesized, which could 
effectively enhance the specific surface area and improve the rate capability. After 300 
electrochemical cycles at 1 C rate, the Si/C composite can still hold a capacity of 1105 
mAh g-1, even at 5 C it can still deliver a capacity of 1157 mAh g-1, indicating that 
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adjustment of the morphology of carbon coating can effectively improve the 
electrochemical performance of Si anodes. Considering the very low tap density of 
nanostructured materials, we prepared a nano/micro structured Si/C composite with 
high tap density of 0.84 g cm-3, which also showed superior cycle stability with a 
capacity of 600 mAh g-1 after 1000 cycles. 
 The results of this dissertation are of significance for the practical application of 
Si-based anode materials in Li- ion batteries. The present results have demonstrated 
clearly that preparing Si/C composites with special structure and applying new 
binders are effective approaches to improve the electrochemical performance of Si 
anodes. 
Keywords: Li- ion battery; binder; Si anode; composite 
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